19 This study aimed to evaluate the linear association of age with diffusion tensor imaging (DTI) 20 measures of white matter such as fractional anisotropy (FA), mean diffusivity (MD), axial 21 diffusivity (AD) and radial diffusivity (RD). We assessed patterns of overlap between linear 22 correlations of age with FA with RD, MD and AD to characterize the process of white matter 23 degeneration observed with ageing. 79 healthy adults aged between 18 and 75 took part in the 24 study. The DTI data were based on 61 directions acquired with a b-value of 2000. There was a 25 statistically significant negative linear correlation of age with FA and AD and a positive linear 26 correlation with RD and MD, and AD. The forceps minor tract showed largest percentage of voxels 27 with an association of age with FA, RD and AD, and the anterior thalamic radiation with MD. We 28 found 5 main patterns of overlap: FA alone (15.95%); FA and RD (31.90%); FA and AD (12.99%); 29 FA, RD and AD (27.37%); FA RD, and MD (6.94%). Patterns of overlap between diffusion measures 30 may reflect underlying biological changes with healthy ageing such as loss of myelination, axonal 31 damage, as well as mild microstructural and chronic white matter impairments. This study may 32 provide information about causes of degeneration in specific regions of the brain, and how this 33 may affect healthy brain functioning in older adults. 3 34 Introduction 35 36
8 144 reflected demyelination and Wallerian degeneration, and finally (5) a one region with greater 145 increase in AD than RD and reported this as inconclusive. These studies emphasize the 146 importance of considering patterns of changes in diffusion measures to elucidate and define the 147 specific profiles of age-related alterations in white matter regions across the brain.
149
The first goal of this study was to examine patterns of overlap between linear correlations 150 of age with FA, RD, AD and MD in a cohort of young, middle-aged and older adults. Specifically, 151 we quantified the frequency of patterns to establish the most prominent to least prominent 152 pattern. Many previous studies assessing patterns of overlap between multiple diffusion 153 measures have compared young and old adults [20, 33] . These studies have typically employed 154 voxelwise statistical analyses of DTI data with a b-value of 1000; in the current study we used a 155 higher b-value of 2000. We hypothesized that specific patterns of overlap between linear 156 correlations of age with FA, RD, AD and MD would be observed, and that these different patterns 157 may reflect specific regions of minor microstructural alterations, axonal damage, loss of 158 myelination, and regions of more chronic white matter degeneration which are all thought to 159 occur in aging. Examination of the patterns of overlap between linear changes in diffusion 160 measures with age will complement previous studies examining differences between young and 161 old. 172 performed and participants with scores below 1.5 SD of the standardized scores were excluded 173 from the study (Table 1) . 
317
We then assessed percentage of white matter regions affected by aging using the JHU 318 white matter tractography atlas (Table 3) . FA, RD and AD all showed the greatest percentage of 319 voxels correlated with age in the forceps minor (90.28%, 81.73% and 71.17% respectively), 320 whereas MD showed the greatest percentage of voxels correlated with age in the right anterior 321 thalamic radiation (16.22%). All tracts showed some percentage of voxels with age-related linear 322 correlations with FA and RD; however, the cingulum hippocampus showed the smallest 323 percentage (FA: 2.71% and 2.33% for left and right respectively; RD: 0.78% and 3.10% for left and 324 right respectively). For MD and AD, there were no voxels with age-related statistically significant 325 positive or negative linear correlations in the cingulum hippocampus. 373 *This is calculated as no. of overlapping voxels divided by total no. of FA voxels (63740). This study aimed to quantify the linear effect of age on FA, RD, AD and MD diffusion 437 measures of white matter integrity in a cohort of young, middle aged and older healthy adults, 438 after adjusting for white matter hyperintensity (WMH) load, premorbid IQ (NART) and gender.
439 Our findings showed negative linear correlations of age with FA and AD, as well as MD in a small 440 number of voxels. We also found a positive linear correlation of age with MD and RD, as well as 441 AD in a small number of voxels.
443
The findings of negative correlations of FA with healthy aging in many regions of the brain 444 is in accordance with decreased FA in older adults compared to younger adults in many previous 445 studies [21, 23-25, 29, 33, 39, 56]. When we quantified the number of voxels linearly correlated 446 with age our findings showed that FA was statistically significant correlated with age in 447 approximately half of the brain's white matter, higher than all other diffusion measures. This was 448 similar to the findings from a study by Burzynska and colleagues (2010) showing age-related 449 decreases in FA in 53% of voxels. We further showed that the tract with the highest percentage 450 of voxels showing age-related linear correlations with FA was the forceps minor, which was also 451 true for RD and AD, suggesting that this tract may be greatly affected by typical aging. For the ILF and IFOF findings, it is important to note that they are known to overlap partly, 521 so diffusion measures may not distinguish between these tracts very well along some regions The FA alone pattern has been suggested to reflect mild microstructural changes, such as 569 fiber structure loss without any major tissue loss, where these decreases in FA in the absence of 570 MD increases may be due to subtle changes in RD and AD [20, 43] . Although this pattern was 571 observed throughout the brain, it was not the most prominent pattern in any white matter tract. The FA and AD pattern was the fourth pattern we observed which has been linked to 584 acute axonal damage, such as axon swelling and fragmentation, and therefore distinguishing it 585 from the FA, RD and AD pattern [20] . Although this pattern was observed in a proportion of voxels 586 in many tract ROIs, it was not the dominant pattern in any tract. This indicates that correlations 587 of AD with age were mainly observed in conjunction with FA and RD, and not with FA alone. This 588 would not be surprising given that most studies to date show greater RD changes than AD, and 589 oThis pattern was previously reported by Burzynska and colleagues (2010), who also showed 590 some areas of overlap with MD within this pattern. Interestingly, another study did not report 591 this pattern, but instead only observed AD changes in conjunction with FA and RD, further 592 suggesting it is not a common pattern associated with the aging brain [33] . 
